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(54) METHOD AND APPARATUS FOR MEASURING DEPTH OF HOLE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a hole depth _^ 

measuring method capable of performing processes with 
high accuracy at high speed. 

SOLUTION: The invention includes: a hole top face pattern 
matching process part 31 for effecting pattern matching 
between an SEM image and a reference image of the edge 
Ke of a hole top face; a hole top face position detecting 
process part 32 for detecting the position of the hole top 
face K by the process of adapting information about the 
shape of the edge Ke of the hole top face from the SEM 
image to information about the shape of the edge Ke of the 
hole top face serving as a reference; a hole bottom face 
pattern matching process part 33 for effecting pattern 
matching between the SEM image and the reference image 
of the edge Te of a hole bottom face; a hole bottom face 
position detecting process part 34 for detecting the position 
of the hole bottom face T; and a hole depth calculating part 
35 for calculating the depth D of the hole H on the basis of 
the distance between the hole top face K and the hole 
bottom face T. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 

precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]A depth measuring method of a hole which measures the depth of a hole formed on an 

observation object based on image data obtained by an image acquiring means characterized by 
comprising the following. 

A hole upper surface pattern matching processing process of performing pattern matching with the 
1st reference pattern that has the feature of hole upper surface edge beforehand set up to said 
image data produced by observing said observation object aslant so that the side and the bottom of 
said hole could be observed. 

Configuration information of hole upper surface edge obtained from this hole upper surface pattern 
matching processing process. 

A hole top face position detection processing process that conformity processing with configuration 
information of hole upper surface edge registered beforehand detects a position on the upper 
surface of a hole. 

A hole bottom side pattern matching processing process of performing pattern matching with the 
2nd reference pattern that has the feature of hole bottom side edge set up beforehand to said 
image data. 

Configuration information of hole bottom side edge obtained from this hole bottom side pattern 
matching processing process. 

A hole bottom surface position detection processing process that conformity processing with 
configuration information of hole bottom side edge registered beforehand detects a position of a 
hole bottom side. 

Hole depth calculation down stream processing which computes a size of the depth of said hole 
based on distance of said hole upper surface and said hole bottom side. 

[Claim 2]The hole depth measuring method according to claim 1, wherein said hole depth calculation 
down stream processing asks for a pixel number between said hole upper surface and said hole 
bottom side and is performed to said pixel number based on a size equivalent to 1 pixel, and an 
angle which observes an observation object. 

[Claim 3]The hole depth measuring method according to claim 1, wherein said image data is SEM 
data obtained by [ as irradiation electron beams' entering aslant to an observation object ]. 
[Claim 4]A depth measuring device of a hole which measures the depth of a hole formed on an 
observation object based on image data obtained by an image acquiring means characterized by 
comprising the following. 

A hole upper surface pattern matching processing means to perform pattern matching with the 1 st 
reference pattern that has the feature of hole upper surface edge beforehand set up to said image 
data produced by observing said observation object from across so that the side and the bottom of 
said hole could be observed. 

Configuration information of hole upper surface edge obtained from this hole upper surface pattern 



JP,200 1-082931, A [CLAIMS] 



Page 2 of 2 



matching processing means. 

A hole top face position detection processing means which detects a position on the upper surface 
of a hole by conformity processing with configuration information of hole upper surface edge 
registered beforehand. 

A hole bottom face pattern matching processing means which performs pattern matching with the 
2nd reference pattern that has the feature of hole bottom side edge set up beforehand to said 
image data. 

Configuration information of hole bottom side edge obtained from this hole bottom face pattern 
matching processing means. 

A hole bottom surface position detection processing means which detects a position of a hole 
bottom side by conformity processing with configuration information of hole bottom side edge 
registered beforehand. 

A hole depth calculation processing means to compute a size of the depth of said hole based on 
distance of said hole upper surface and said hole bottom side. 

[Claim 5]The hole depth measuring device according to claim 1, wherein said hole depth calculation 
processing means asks for a pixel number between said hole upper surface and said hole bottom 
side and is performed to said pixel number based on a size equivalent to 1 pixel, and an angle which 
observes an observation object. 

[Claim 6]The hole depth measuring device according to claim 4, wherein said image data is SEM 
image data obtained by [ as irradiation electron beams' entering aslant to an observation object ]. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to the hole depth measuring method and its device for 
measuring the depth of this hole using image processing to the image data which picturized the 
depth of the very small hole formed into the large scale integration circuit (LSI) manufacturing 
process at the wafer W with the scanning electron microscope (SEM). 
[0002] 

[Description of the Prior Art]In order to measure the size of the depth (height) direction of the 
minute pattern formed into an LSI manufacturing process with sufficient accuracy, there is a 
method of destroying the wafer W and observing the section by SEM. 
[0003]Some methods are proposed as a method of on the other hand grasping the three- 
dimensional shape of a minute pattern without destroying the wafer W. For example, in JP,8-7818,A, 
the three-dimensional stereoscopic picture is compounded by performing image processing to two 
or more pictures acquired by picturizing changing the angle of inclination of an observation object 
gradually. 

[0004]At JP,5-299048,A, in order to incorporate the scanning image from which height information 
differs, the three dimensional images of an observation object consist of two or more incorporation, 
and the scanning image and the focal conditions of these plurality for the scanning image from which 
the focal conditions of irradiation electron beams differ. 
[0005] 

[Problem(s) to be Solved by the InventionjThere were the following problems in the measuring 
method of the size of the depth direction of the minute pattern formed in the conventional wafer W 
explained above. That is, although the method of destroying the wafer W and observing the section 
is [ the accuracy of measurement ] better than other methods, in order that the wafer W may be 
destroyed, the wafer W has the problem that it cannot use any longer. There was a problem that it 
was very difficult to break the wafer W so that the section of a hole to measure can be observed. 
That is, this method was unsuitable to the dimension measurement of the working shape after the 
process in an LSI manufacturing process. 

[0006]The method (JP,8-7818,A) of performing image processing to several pictures from which an 
angle of inclination differs. Although methods (JP,5-299048,A) of performing image processing to 
several pictures from which focal conditions differ could measure the wafer W by un-destroying and 
it is fit for grasping rough three-dimensional shape. The measurement techniques, such as an image 
processing method, were complicated, and for applying to specific parameters, such as measurement 
of a hole level difference, measurement took time and effort, and it was not realistic. 
[0007]Then, an object of this invention is to provide more high degree of accuracy, the hole depth 
measuring method which can perform high-speed processing, and a hole depth measuring device. 
[0008] 
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[Means for Solving the Problem]In order to solve an aforementioned problem and to attain the 
purpose, a hole depth measuring method and a hole depth measuring device of this invention are 
constituted as follows. 

[0009]This invention is characterized by that a depth measuring method of a hole which measures 
the depth of a hole formed on an observation object based on image data obtained by (1) image 
acquiring means comprises: 

A hole upper surface pattern matching processing process of performing pattern matching with the 
1st reference pattern that has the feature of hole upper surface edge beforehand set up to said 
image data produced by observing said observation object from across so that the side and the 
bottom of said hole could be observed. 

Configuration information of hole upper surface edge obtained from this hole upper surface pattern 

matching processing process. 

A hole top face position detection processing process that conformity processing with configuration 
information of hole upper surface edge registered beforehand detects a position on the upper 
surface of a hole. 

A hole bottom side pattern matching processing process of performing pattern matching with the 
2nd reference pattern that has the feature of hole bottom side edge set up beforehand to said 
image data, By conformity processing with configuration information of hole bottom side edge 
obtained from this hole bottom side pattern matching processing process, and configuration 
information of hole bottom side edge registered beforehand. Hole depth calculation down stream 
processing which computes a size of the depth of said hole based on distance of a hole bottom 
surface position detection processing process of detecting a position of a hole bottom side, and said 
hole upper surface and said hole bottom side. 

[0010](2) It is the hole depth measuring method indicated above (1), said hole depth calculation 
down stream processing asks for a pixel number between said hole upper surface and said hole 
bottom side, and it is carried out to said pixel number based on a size equivalent to 1 pixel, and an 
angle which observes an observation object. 

[0011](3) It is the hole depth measuring method indicated above (1), and said image data is 
characterized by being SEM data obtained by [ as irradiation electron beams' entering aslant to an 
observation object ]. 

[0012]This invention is characterized by that a depth measuring device of a hole which measures 
the depth of a hole formed on an observation object based on image data obtained by (4) image 
acquiring means comprises: 

A hole upper surface pattern matching processing means to perform pattern matching with the 1st 
reference pattern that has the feature of hole upper surface edge beforehand set up to said image 
data produced by observing said observation object from across so that the side and the bottom of 
said hole could be observed. 

Configuration information of hole upper surface edge obtained from this hole upper surface pattern 
matching processing means. 

A hole top face position detection processing means which detects a position on the upper surface 
of a hole by conformity processing with configuration information of hole upper surface edge 
registered beforehand. 

A hole bottom face pattern matching processing means which performs pattern matching with the 
2nd reference pattern that has the feature of hole bottom side edge set up beforehand to said 
image data. By conformity processing with configuration information of hole bottom side edge 
obtained from this hole bottom side pattern matching processing, and configuration information of 
hole bottom side edge registered beforehand. A hole depth calculation processing means to compute 
a size of the depth of said hole based on distance of a hole bottom surface position detection 
processing means which detects a position of a hole bottom side, and said hole upper surface and 
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said hole bottom side. 

[0013](5) It is the hole depth measuring device indicated above (4), said hole depth calculation 
processing means asks for a pixel number between said hole upper surface and said hole bottom 
side, and it is carried out to said pixel number based on a size equivalent to 1 pixel, and an angle 
which observes an observation object 

[0014](6) It is the hole depth measuring device indicated above (4), and said image data is 
characterized by being the SEM image data obtained by [ as irradiation electron beams' entering 
aslant to an observation object ]. 

[0015]As a result of providing the above-mentioned means, the following operations arise. That is, 
by detecting a hole top face position and a hole bottom surface position from image data which they 
obtained aslant to an observation object as irradiation electron beams entered aslant, since he is 
trying to compute a hole depth, it becomes possible to measure the depth of a hole of submicron 
order with sufficient accuracy promptly. Like the case as a taper reaches the side of a hole 
especially, even if it is a case where hole shape is not a cylindrical shape, it becomes possible to be 
able to measure a hole depth correctly. 
[0016] 

[Embodiment of the Invention]Drawing 1 is a figure showing the outline composition of the hole 
depth measuring device 10 concerning the 1 embodiment of this invention. The hole depth 
measuring device 10 measures depth D of the hole H of the submicron order formed in the wafer 
(observation object) W in an LSI manufacturing process. During explanation, as for T, the base part 
of the hole H and S show the side, Ke shows hole upper surface edge, and Te shows hole bottom 
side edge. 

[0017]The computer 30 by which the hole depth measuring device 10 carried the processor with 
general-purpose scanning electron microscope 20, personal computer (PC) it is [ personal 
computer ] image acquiring means, engineering workstation (EWS), etc.. It comprises the monitor 90, 
and recording media, such as a hard disk floppy disk and an MO disk, and the picture input device 50 
which comprised a picture ON KABODO image scanner etc. 
[0018]The electron microscope 20 is provided with the following. 
The vacuum chamber 21 which accommodates the wafer W. 

The electronic mirror pipe 22 which is attached to this vacuum chamber 21 and irradiates the wafer 
W with the irradiation electron beams U. 
The buck 23 which supports the wafer W. 

[0019]In order to observe the wafer W from across, the electron microscope 20 is constituted as 
shown in (a) of drawing 2 and drayying 3, and (b). Namely, as shown in drawing 2, the buck 23 is 
attached to the electronic mirror pipe 22, enabling free rocking. As shown in (a) of drawing 3, the 
electronic mirror pipe 22 is attached to the vacuum chamber 21, enabling free rocking. The 
deflection coil 24 for changing the direction of movement of the irradiation electron beams U, as 
shown in (b) of drawing 3 may be attached. 

[0020]The angle of the wafer W and the irradiation electron beams U is set up so that the whole 
side of the hole H can be observed. For example, if it is the hole H 0.50 micrometer in diameter 
when the angle of the wafer W and the irradiation electron beams U is set as 45 degrees and 60 
degrees, the depth up to 0.50 micrometerxtan [ 45 degrees of ] = 0.50 micrometer and 0.50 
micrometerxtan [ 60 degrees of ] = 0.87 micrometer can be measured. That is, the one where an 
angle is larger can measure the depth of a deeper hole. On the other hand, since it is better to 
observe the side S of the hole H as widely as possible in order to raise the accuracy of 
measurement, the smaller one of an angle is good. Thus, an angle is determined as the range of 
depth D of the hole H to measure in consideration of the required accuracy of measurement. 
[0021 ]The image data inputted from the electron microscope 20 as the computer 30 was shown in 
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drawing 4 . (With the hole upper surface pattern matching part 31 which performs pattern matching 
with the reference image (reference pattern) by which the hole upper surface edge Ke which 
received hereafter "SEM picture" is called" and was registered beforehand is characterized.) The 
hole top face position primary detecting element 32 which detects the position on the upper surface 
K of a hole by conformity processing with the configuration information of the hole upper surface 
edge Ke obtained by the hole upper surface pattern matching processing part 31, and the 
configuration information of the hole upper surface edge registered beforehand, The hole bottom 
side pattern matching processing part 33 which performs pattern matching with the reference image 
by which hole bottom side edge Te beforehand registered to the inputted SEM picture is 
characterized. The hole bottom surface position primary detecting element 34 which detects the 
position of the hole bottom side T by conformity processing with the configuration information of 
hole bottom side edge Te obtained by the hole bottom side pattern matching part 33, and the 
configuration information of hole bottom side edge Te registered beforehand. The hole depth 
calculation part 35 which computes the pixel equivalent to the distance of the hole upper surface K 
and the hole bottom side T which were detected, and computes depth D of the hole H in 
consideration of the size which is equivalent to this pixel number at 1 pixel, and the angle to the 
observation object of the irradiation electron beams U, and the reference image storage parts store 
36 which memorizes a reference image, It has the configuration information storage parts store 37 
which memorizes configuration information. 

[0022]In the hole depth measuring device 10 constituted in this way, depth D of the hole H is 
measured as follows using the picture (a "SEM picture" is called hereafter.) of the scanning electron 
microscope of the hole H of an ellipse form of 0.3 micrometer (top face position) of minor axes 
formed, for example on the wafer W. Drawing 3 is a flow chart which shows a hole depth 
measurement procedure. 

[0023]The picture shown in (a) of drawing 6 is a SEM picture acquired by the wafer W by [ as the 
irradiation electron beams' U entering ] at 45 degrees. The base part T and the side S of the hole H 
are observable from this SEM picture. This hole H is carrying out sectional shape as shown in (b) of 

drawi ng 6, and the side S serves as tapered shape. 

[0024]First, registration (ST10) of a reference image and registration (ST11) of configuration 
information are performed before measurement. Registration of a reference image is the reference 
image used as the standard for performing hole upper surface pattern matching processing and hole 
bottom side pattern matching processing memorizing, and registration of configuration information, It 
is registering the configuration information of the hole upper surface edge Ke for performing hole top 
face position detection processing and hole bottom surface position detection processing, and the 
configuration information of hole bottom side edge Te. 

[0025] Registration of a reference image is performed as follows. For example, in the picture of (a) of 
drawing L the hole upper surface edge Ke is characterized by the portion with a clear shade of an 
edge part, as shown in the feature regions 40, 41, and 42. In these feature regions 40-42, the 
difference of the shade by the difference in the degree of incidence angle of the irradiation electron 
beams U to an observed face and the difference of the shade by an edge effect have appeared. If 
these features have the constant angle of gradient of the wafer W, even if depth D of the hole H 
changes, since it is eternal, the picture in these feature regions 40-42 will be beforehand registered 
as a reference image. On the other hand, the field 43 has an indefinite difference of the shade of an 
edge part, and it is unsuitable as a reference image, (b) of drawing 7, (c), and (d) show the reference 
image of this hole upper surface edge Ke. 

[0026]Similarly, hole bottom side edge Te is characterized by the picture of drawing 8 by the portion 
with a clear shade of an edge part as shown in the feature regions 44, 45, and 46. The picture in 
these feature regions 44-46 is beforehand registered as a reference image, (b) of drawing 8 , (c), and 
(d) show the reference image of this hole bottom side edge Te. 

[0027]On the other hand, registration of configuration information is performed as follows. That is, 



JP,2001-082931,A [DETAILED DESCRIPTION] 



Page 5 of 6 



the normal coordinates 50-52 and the normal coordinates 54-56 of each upper left show the 
position of the feature regions 40-42 and the feature regions 44-46 mentioned above, and the 
center reference coordinates 57 and 58 of each registered shape are computed further. And these 
normal coordinates 50-52, 54-56 and the inside neotype coordinates 57 and 58 are registered as 
configuration information, as shown in (a) of drawing 9 , and (b). Such configuration information is 
needed by depth calculation processing of the hole mentioned later. 

[0028]Next, a actual hole depth measuring process is explained. Depth D differs from the picture 
shown by drawing 6 mentioned above as shows drawing 10 t he SEM image data inputted here. 
[0029](1) Detect the position on the upper surface K of a hole to the hole top face position 
detection processing beginning. That is, a pattern matching processing process with the reference 
image shown in (b) of drawmg 7, (c), and (d) is performed to the picture of drawing 10 (ST1), and as 
shown in drawing 11 , the feature regions 60-62 of the hole upper surface edge Ke are extracted. 
The position of these feature regions 60-62 is shown by the coordinates 70-72. 
[0030]Next, the normal coordinates 50-52 are moved and hole top face position detection 
processing is performed so that the distance of the coordinates 70-72 and the normal coordinates 
50-52 mentioned above may serve as the minimum, respectively (process ST2). 
[0031]as an example of handling, it is shown in drawing 12 — as — normal coordinate a- on the 
upper surface K of a hole (x^., y^.) (i= 1 — n.) n: Coordinates (x^j+delta^, y^j+deltay) when only the 
vector delta (delta^, deltay) moves the number of reference images. What is necessary is just to 
make it the sum of the distance of coordinates bj (x|^|, y^.^ of the extracted feature region, i.e., 
magnitude-of-a-vector delta, become the minimum. It is magnitude-of^a-vector delta here, [0032] 
[Equation 1] 



[0033]It is come out and shown. As a result, based on the distance and the direction which moved 
to the center reference coordinates 57 before movement, the center coordinates 77 on the upper 
surface K of a hole are computed. 

[0034](2) Detect a position of hole bottom surface position detection processing, next the hole 
bottom side T. That is, a pattern matching processing process with a reference image shown in (b) 
of drawing 8 , (c), and (d) is performed to a picture of drawing 10 (ST3), and the feature regions 64- 
66 of hole bottom side edge Te as shown in drawing 1 2 are extracted. A position of these feature 
regions 64-66 is shown by the coordinates 74-76. 

[0035]Next, the normal coordinates 54-56 are moved and hole bottom surface position detection 
processing is performed so that distance of the coordinates 74-76 and the normal coordinates 54- 
56 mentioned above may serve as the minimum, respectively (process ST4). 

[0036]It is made to move, since bottom shape of the hole H may change that size by depth D of the 
hole H at this time, carrying out scaling of the normal coordinate 54 - the distance between 56. For 
example, what is necessary is to decide expansion and reduction percentage that a x direction 
ingredient of the coordinates 74-76 of an extraction feature region and the registration-shaped 
coordinates 54-56 becomes the nearest, and just to move shape after scaling like hole top face 
position detection processing after that, when configuration information as shown in (b) of drawing 9 
is registered. As a result, based on the distance, a direction, and a rate of scaling which moved to 
the center reference coordinates 58 before movement, the center coordinates 78 of the hole 
bottom side T are computed. 

[0037](3) Since depth D of hole depth calculation ************** H is the distance of the hole 
upper surface K and the hole bottom side T, it finds distance of the center coordinates 77 on the 
upper surface K of a hole, and the center coordinates 78 of the hole bottom side T found from hole 
top face position detection processing and hole bottom surface position detection processing. 




(1) 
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[0038]In consideration of a size (0.0036 micrometer) equivalent to 1 pixel, and an angle (45 degrees) 
to an observation object of the irradiation electron beams U, depth D (40.6x0.0036/sin45 
degree=0.10micrometer) is computed in distance (40.6 pixels) between these center coordinates 77 
and 78. 

[0039] Dravving 17 is a measurement resulting image and between the two straight lines 80 and 81 
shows distance between the hole upper surface [ for which it asked by a method of this invention ] 
K-hole bottom sides T, i.e., depth D of the hole H. 

[0040]According to the hole depth measuring device 10 applied to this embodiment as mentioned 
above, based on a SEM picture, depth D of the hole H is computable. In particular, like [ in case the 
side S of the hole H is tapered shape ], even when the hole H is not a cylindrical shape, depth D can 
be correctly measured by detecting center coordinates of the hole upper surface K and the hole 

bottom side T. 

[0041]When processed with a personal computer which described a hole depth measuring method by 
the hole depth measuring device 10 by the C language, and carries a general-purpose processor, in 
several seconds, a SEM picture (230x140 pixels) shown in drawmg 10 was able to be processed as 
shown in dravy|ng 1 7, and depth D of the hole H was able to be measured. When conditions of a 
focus and brightness were changed and it measured several times about the same hole H, 
3sigma=0.0013micrometer and sufficient measurement reproducibility were acquired. 
[0042]This invention is not limited to said embodiment. That is, in an embodiment mentioned above, 
although the depth of a hole is measured, it is applicable also to measurement of a tooth depth or 
height of heights, in addition, a range which does not deviate from a gist of this invention — various 
— modification — of course, it is feasible 
[0043] 

[Effect of the Invention]According to this invention, by detecting a hole top face position and a hole 
bottom surface position from the image data which they obtained aslant to the observation object 
as irradiation electron beams entered aslant, since he is trying to compute a hole depth, it becomes 
possible to measure the depth of the hole of submicron order with sufficient accuracy promptly. 
Like the case as the taper reaches the side of the hole especially, even if it is a case where hole 
shape is not a cylindrical shape, it becomes possible to be able to measure a hole depth correctly. 
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JP,200 1-082931, A [DESCRIPTION OF DRAWINGS] 



Page 1 of 1 



* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 

precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The figure showing the outline of the hole depth measuring device concerning the 1 
embodiment of this invention. 

[Drawing 2] The explanatory view showing how to change inclination of an observation object. 
[Drawing 3]The explanatory view showing how to change the degree of incidence angle to the 
observation object of irradiation electron beams. 

[Didwirig 4jThe block diagram showing the system configuration of a hole depth measuring device. 
[Drawing 5]The flow chart which shows the process of the hole depth measuring method of this 
invention. 

[Drawing 6]It is an explanatory view in which it is a figure showing a hole and the explanatory view in 
which (a) shows a picture 80,000 times the magnification of this, and (b) show sectional shape. 
lDf3)N}n&l}J^Q explanatory view showing the reference image of hole upper surface edge. 
[Drawing 8]The explanatory view showing the reference image of hole bottom side edge. 
[Drawing .9]The explanatory view showing hole upper surface configuration information and hole 
bottom face shape information. 
[Dr.ayying 1 0]The explanatory view 
of this. 

[Drawing 1 1] The explanatory view 
[Drawing 12]The explanatory view 
processing. 

[Drawing 13] The explanatory view 
[Drawing 1 4]The explanatory view 
[Drawing 15]T he explanatory view 
processing. 

[Drawing 16]T he explanatory view 
result. 

[Drawing 17] The explanatory view 
[Description of Notations] 
10 — Hole depth measuring device 
20 — Scanning electron microscope 
30 — Computer 
100 — Picture input device 



showing an original image 80,000 times the magnification of a hole 

showing a hole upper surface pattern matching processing result, 
showing an example of hole top face position detection 

showing a hole top face position detection processing result, 
showing a hole bottom side pattern matching processing result, 
showing an example of hole bottom surface position detection 

showing a hole bottom surface position detection processing 

showing the picture of a measurement result. 



[Translation done.] 



